Hybridization experiments were carried out between DNAs from more than 70 strains of Campylobacter spp. and related taxa and either 3H-labeled 23s rRNAs from reference strains belonging to Campylobacter fetus, Campylobacter concisus, Campylobacter sputorum, Campylobacter coli, and Campylobacter nitrofigilis, an unnamed Campylobacter sp. strain, and a Wolinella succinogenes strain or 3H-or 14C-labeled 23s rRNAs from 13 gram-negative reference strains. An immunotyping analysis of 130 antigens versus 34 antisera of campylobacters and related taxa was also performed. We found that all of the named campylobacters and related taxa belong to the same phylogenetic group, which we name rRNA superfamily VI and which is far removed from the gram-negative bacteria allocated to the five rRNA superfamilies sensu De Ley. There is a high degree of heterogeneity within this rRNA superfamily. Organisms belonging to rRNA superfamily VI should be reclassified in several genera. We propose that the emended genus Campylobacter should be limited to Campylo bacter fetus, Campylo bacter hy oin testinalis , Campylo bacter concisus, Campylo bacter m ucosalis , Campylobacter sputorum, Campylobacter jejuni, Campylobacter coli, Campylobacter lari, and "Campylobacter upsaliensis. " Wolinella curva and Wolinella recta are transferred to the genus Campylobacter as Campylobacter curvus comb. nov. and Campylobacter rectus comb. nov., respectively. Bacteroides gracilis and Bacteroides ureolyticus are generically misnamed and are closely related to the genus Campylobacter. Campylobacter nitrofigilis, Campylobacter cryaerophila, and an unnamed Campylobacter sp. strain constitute a new genus, for which the name Arcobacter is proposed; this genus contains two species, Arcobacter nitrofigilis comb. nov. (type species) and Arcobacter cryaerophilus comb. nov. Wolinellu succinogenes so far is the only species of the genus Wolinella. The genus Helicobacter is also emended; Campylobacter cinaedi and Campylobacter fennelliae are included in this genus as Helicobacter cinaedi comb. nov. and Helicobacter fennelliae comb. nov., respectively. The genus "Flexispira," with "Flexispira rappini" as the only species, is closely related to the genus Helicobacter. The free-living, sulfur-reducing campylobacters do not belong to any of these genera; they probably constitute a distinct genus within rRNA superfamily VI.
Dewhirst (39) found a close relationship between Wolinella curva, Wolinella recta, Bacteroides gracilis, and Bacteroides ureolyticus on the one hand and the so-called true campylobacters (i-e., the Campylobacter taxa belonging to rRNA homology group I of Thompson et al. [58] on the other. These Wolinella and Bacteroides species have been isolated from humans with both oral and nonoral infections (39).
It was the aim of this study to include all known campylobacters and possible relatives in a single phylogenetic study. Therefore, we selected reference strains of the 15 Campylobacter and Helicobacter species, representative strains of the saprophytic campylobacters (i.e. , the aspartate-fermenting, free-living Campylobacter species of Laanbroek et al. [27] and Spirillum sp. strain 5175 of Wolfe and Pfennig [65] ), and strain CLO-3 of Fennel1 et al. (16) . In addition to these Campylobacter strains, we also included representative strains of Wolinella succinogenes, Wolinella curva, and Wolinella recta, and an unnamed Wolinella strain (57) , as well as representative strains of Bacteroides gracilis, Bacteroides ureolyticus, and "Flexispira rappini," which is a recently described organism that has been isolated from aborted fetuses ( 5 , 26) and diarrheic stools (1).
In order to study the genotypic coherence of these organisms and their phylogenetic relationships with other gramnegative bacteria, we used the DNA-rRNA hybridization cpmtpg for Campylobacter concisus CCUG 20534; 2,000 cpm/pg for Arcobacter nitrofigilis CCUG 12022; 70,000 cpm/pg for CLO strain CCUG 10373; and 29,000 cpm/pg for Wolinella succinogenes CCUG 13145T. These specific activities were determined with a Beckman model 3310 Tri-Carb scintillation counter.
DNA-rRNA hybridization experiments. Fixation of singlestranded DNAs on membrane filters, chemical determination of the amounts of DNAs on the filters, saturation hybridization, RNase treatment, and measurement of the thermostabilities of the hybrids were performed as described previously (11) . We used labeled 23s rRNAs from Cumpylobacter, Arcobacter, and Wolinella strains (Table 2 ) and a variety of gram-negative reference strains (Table 3) . Each DNA-rRNA hybrid was characterized by the following two parameters: (i) the melting temperature of elution [T,(,J, which was the temperature at which 50% of a DNA-rRNA hybrid was denatured; and (ii) the percentage of rRNA binding, which was a way to measure the amount of labeled rRNA bound to 100 pg of filter-fixed DNA after RNase treatment under standard conditions. A homologous duplex was formed between the DNA and the rRNA of the same strain; a heterologous hybrid was formed between DNA and rRNA of different strains. The T,(,, is the most important parameter for drawing taxonomic conclusions (11, 13) ; the higher the T,(,, of a heterologous hybrid, the more closely the two strains are related. The Tm(e) values were used to calculate the average linkage level between each pair of rRNA branches by using the unweighted average pair group method (49) . The percentage of rRNA binding can be useful for distinguishing strains with similar T,(,) values. The difference between the T,(,, of a homologous duplex and the Tmc,) of a heterologous hybrid is called the AT,,,,.
DNA-DNA hybridization experiments. The degree of DNA-DNA binding, expressed as a percentage, was determined spectrophotometrically by using the initial renaturation rate method of De Ley and co-workers (10). Each value given below is the average of the values from at least two hybridization experiments. DNA binding values of 30% or less indicate that there is no significant DNA homology. The total DNA concentration was about 39 pg/ml, and the optimal renaturation temperature in 2~ SSC (Ix SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7) was 64.6"C.
DNA base compositions. All of the guanine-plus-cytosine (G+ C) values were determined by the thermal denaturation method and were calculated by using the equation of Marmur and Doty (31) , as modified by De Ley (8).
Immunotyping. Preparation of soluble, cell wall-free antigens and immunization and immunodiffusion experiments were performed as described previously (15, 61) .
Phenotypic tests. Phenotypic tests were performed with CLO strains CCUG 10373, CCUG 10374, and CCUG 10375 as described previously (22) .
RESULTS

DNA base compositions.
Within the species Campylobacter concisus we found a G+C range of 37.9 to 40.4 mol% (Table 2) , which is similar to the results of Roop et al. (43) but higher than the range of values (34 to 38 mol%) found by Tanner et al. (54) . All of the other DNA base ratios which we determined (Tables 2 and 3 ) agree with previously published data (2, 24, 48, 55, 56) .
DNA-rRNA hybridization experiments. 
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Oceanospirillum pusillurn ' Data from reference 13. tively labeled rRNAs from strains belonging to gram-negative reference taxa. Table 2 shows the results of DNA-rRNA hybridizations between DNAs from campylobacters, related taxa, and gram-negative reference strains and radioactive rRN As from Campy fobacter, Arcobacter, and Wolinelln strains. The DNA-rRNA hybridization results are presented as a dendrogram based on the T,(,, values of the hybrids in Fig. 1 . The DNA-rRNA hybridizations between DNAs from campylobacters and related strains and rRNAs from gramnegative reference strains belonging to rRNA superfamilies I to V (Tables 2 and 3) revealed Tmcc) values between 50.2 and 60.4"C (average, 56.6 2 3.1"C).
The DNA-rRNA hybridization results show that within rRNA superfamily VI, three major rRNA homology groups, called rRNA clusters I, 11, and 111, can be differentiated (Fig.  1) . rRNA cluster I is linked to rRNA cluster 11 at an average Tm(c) of 65.9 5 1.6"C, and rRNA cluster I11 is linked to rRNA clusters I and I1 at an average Tnl(,) of 63.7 2 1.2"C. The structure of these rRNA clusters is shown in Fig. 1 rRNA cluster 111 consists of Wolinella succinogenes (two strains), Helicobacter pylori (two strains), Helicobacter mustelae (one strain), Helicobacter cinaedi (three strains), Helicobacter fennelliae (one strain), " Flexispira rappini" (one strain), and strain CLO-3 of Fennel1 et al. (16) .
The free-living campylobacters of Laanbroek et al. (27) and Wolfe and Pfennig (65) do not belong to one of the three major rRNA homology groups. They have a separate position on the T,,z(c) dendrogram (Fig. 1) at an average T,(,, of 643°C (Table 2) .
DNA-DNA hybridization results. DNA-DNA hybridizations were performed with nine strains belonging to rRNA cluster 11 (Fig. 2) . Our hybridization results revealed the presence of three DNA homology groups and one separate strain (CLO strain CCUG 10373). Within the groups, the DNA binding values varied from 46 to 100%. Significant Immunotyping analysis. Immunizing of rabbits was started in January 1980. We prepared 130 soluble antigens and 34 antisera, representing all of the taxa belonging to rRNA superfamily VI. We prepared antigens from at least the type strain of each taxon. The numbers of strains tested per taxon and the average precipitation values versus each antiserum are shown in Table 4 . A total of 16 major groups, 6 of which could be further subdivided, were delineated (Table 4) . Significant cross-reactions (values of 1 3 ) were observed only between members of the same rRNA branch. Immunotyping group (ITG) 1 contained Campylobacter fetus and Campylobacter hyointestinalis. Campylobacter fetus subsp. fetus and Campylobacter fetus subsp. venerealis formed subgroup la, and Campylobacter hyointestinalis constituted subgroup lb. Campylobacter concisus, Campylobacter mucosalis, and CLO strain CCUG 20705 constituted ITG 2 (subgroups 2a through 2c, respectively). ITG 3 contained the organisms of the Campylobacter sputorum rRNA branch (Campylobacter sputorum biovar sputorum, Campylobacter sputorum biovar bubulus, and Campylobacter sputorum biovar fecalis); all Campylobacter sputorum strains gave similar precipitation values against the three antisera. ITG 4 contained Campylobacter curvus and Campylobacter rectus (subgroups 4a and 4b, respectively). ITG 5 contained all of the taxa belonging to the Campylobacter coli rRNA branch, including Campylobacter coli, Campylobacter jejuni subsp. jejuni, Campylobacter jejuni subsp. doylei, Campylobacter lari, and "Campylobacter upsaliensis," each of which constituted a separate subgroup (subgroups 5a through 5e, respectively). ITGs 6, 7, and 8 each contained a single taxon ([Bacteroides] gracilis, [Bacteroides] ureolyticus, and Arcobacter nitrofigilis, respectively). Arcobacter cryaerophilus and CLO strains CCUG 10373 and CCUG 10374 constituted ITG 9. Arcobacter cryaerophilus and CLO strain CCUG 10374 were immunologically similar (subgroup 9a); CLO strain CCUG 10373 (subgroup 9b) gave weaker, but still clear-cut cross-reactions versus Arcobacter cryaerophilus and CLO strain CCUG 10374 (Table 4) . ITG 10 contained only Wolinella succinogenes. ITG 11 consisted of Helicobacter cinaedi (subgroup 1 la) and Helicobacter fennelliae (subgroup llb). Helicobacter pylori, Helicobacter mustelae, "Flexispira rappini," strain CLO-3, and the Campylobacter +, Reaction is positive for 85% of the strains; -, reaction is negative for 85% of the strains; V, reaction is positive for 15 to 85% of the strains; S, susceptible; R, resistant; ND, not determined. species of Laanbroek et al. (27) each constituted a separate ITG (ITGs 12 through 16, respectively).
Phenotypic tests. The results of the phenotypic tests performed with CLO strains CCUG 10373, CCUG 10374, and CCUG 10375 are included in Table 5 and in the description of the genus Arcobacter given below.
DISCUSSION
In previous papers by workers from our laboratory, the significance and applications of the DNA-rRNA hybridization technique have been established (12-14, 45, 46, 63) . In the last few years, DNA-rRNA hybridization results have been confirmed by rapidly accumulating 16s rRNA sequencing data (64) . On the basis of T,(,, values, a phylogenetic tree of the major part of the gram-negative bacteria has been constructed (9, 13). Within this phylogenetic tree, it is possible to distinguish at least five major groups, called rRNA superfamilies, which are related only above the family level (9).
Preliminary DNA-rRNA hybridization results (60) indicated that the genus Campylobacter does not belong to one of the five rRNA superfamilies. The purposes of this study were (i) to determine the taxonomic position of the genus Campylobacter; (ii) to unravel its genotypic structure; and (iii) to determine the phylogenetic relationships among the genera Campylobacter, Wolinella, Helicobacter, and "Flexispira" and related organisms. Therefore, we prepared seven radioactive labeled rRNAs, more than 70 DNAs, 34 antisera, and 130 antigens from campylobacters and related organisms.
Taxonomic position of the genus Campylobacter. The DNArRNA hybridizations between Campylobacter strains and gram-negative reference strains belonging to rRNA superfamilies I to V (Tables 2 and 3) revealed an average T,(,, value of 56.6 5 3.1"C. This confirms and extends our preliminary results (60) , namely, that the genus Campylobacter and its relatives do not belong to one of the five previously described rRNA superfamilies (sensu De Ley [9] ) within the gram-negative bacterial group, but constitute the core of a sixth rRNA superfamily. The value 56.6"C is the lowest average linking level between two rRNA superfamilies; it indicates that the genus Campylobacter and related taxa are phylogenetically far removed from the other gramnegative bacteria. These organisms definitely belong to a separate eubacterial phylum, as suggested by Romaniuk et al. (42) .
Taxonomic structure of the genus Campylobacter and relationships with other bacteria belonging to rRNA superfamily M. In agreement with the results of Paster and Dewhirst (39) and Thompson et al. (58) , we found an extremely high level of phylogenetic heterogeneity within the previously defined genus Campylobacter. This heterogeneity can be compared with the heterogeneity within the largely generically misnamed genus Pseudomonas (13) . Organisms belonging to different rRNA homology groups of the genus Pseudomonas have AT,,,, values of up to 10 to W C , values which are similar to the AT,,,, values for the organisms belonging to the three major rRNA homology groups within rRNA superfamily VI (Fig. 1) . Cluster analysis of the T,(,) values revealed the presence of three major rRNA clusters (Fig. 1) . The compositions of these rRNA clusters entirely coincide with the compositions of the rRNA homology groups inferred from 16s rRNA sequence analysis (39, 58); only their branching order is reversed. These high AT,,,, values (approximately 10 to W C ) undoubtedly reflect relationships at or above the genus level (11, 13) . Therefore, the taxonomy of the former genus Campylobacter and related taxa should be revised.
rRNA cluster I. The rRNA branches within rRNA cluster I are linked at AT,,,, values of about 6 to 8°C (Fig. 1) . Within each rRNA branch, all of the taxa have significant precipitation values, which reveal immunological similarities within each rRNA branch (Table 4) . Differences in T,(,) values of 6 to 8°C could point to intergeneric relationships provided sufficient phenotypic arguments are available. However, as Paster and Dewhirst have noted (39) , there are at present few known characteristics which separate the taxa belonging to rRNA cluster I. It is striking that all thermophilic (or thermotolerant), enteropathogenic Campylobacter species belong to the Campylobacter coli rRNA branch (Fig. 1) and [Bacteroides] ureolyticus are found in oral cavities in higher numbers in patients with periodontal disease than in healthy individuals. However, there are so far no phenotypic characteristics that are useful for differentiating the groups of taxa belonging to each rRNA branch. On the contrary, all Campylobacter and former Wolinella strains belonging to rRNA cluster I share a considerable number of phenotypic features (see below). Furthermore, they have similar isoprenoid quinone compositions (35, 36) , which is a taxonomically valuable feature (6). In contrast to most other gramnegative bacteria, campylobacters do not contain ubiquinones as major isoprenoid quinones but do contain menaquinones. All of the Campylobacter strains belonging to rRNA cluster I (including Campylobacter curvus and Campylobucter rectus) that were tested have menaquinone 6 and methyl-substituted menaquinone 6 as their major isoprenoid quinones (35, 36) . Studies of the cellular fatty acid compositions of these organisms revealed that they all have the same major fatty acids (i.e., tetradecanoic acid, hexadecanoic acid, hexadecenoic acid, and octadecenoic acid [21, 281) (data for Campylobacter curvus and Campylobacter rectus were obtained from the database of the Microbial Identification System described by Miller [33] Tanner and co-workers found no significant levels of DNA homology between Campylobacter curvus and Campylobacter rectus and between Campylobacter curvus and Campylobacter sp. strain CCUG 11641; DNA homology values ranging from 34 to 55% were found between Campylobacter rectus and Campylobacter sp. strain CCUG 11641 (54, 55, 57) . Campylobacter curvus and Campylobacter rectus are immunologically more closely related to each other than to the other Campylobacter taxa (Table 4) .
Emendation of the genus Campylobacter. In Bergey 's Manual of Systematic Bacteriology, the genus Campylobacter consists of the following five species: Campylobacter fetus, Campylobacter jejuni, Campylobacter coli, Campy lobacter sputorum, and Campylobacter concisus (48) . DNA-DNA hybridization studies showed that Campylobacter sputorum subsp. mucosalis represents a separate species (i.e., Campylobacter mucosalis) and that Campylobacter sputorum subsp. sputorum, Campylobacter sputorum subsp. bubulus, and "Campylobacter fecalis" (17) should be considered biovars of Campylobacter sputorum (43, 44). Our DNArRNA hybridization results confirm that Campylobacter lari, Campylobacter hyointestinalis, and "Campylobacter upsaliensis" are true Campylobacter species (29, 39, 42, 58) . Recently, two groups of CLO strains, the nitrate-negative Campylobacter strains (25, 50) and the urease-positive thermophilic Campylobacter strains (3, 4), were shown to be atypical Campylobacter jejuni and Campylobacter lari strains, respectively (38, 51). The name Campylobacter jejuni subsp. doylei was given to the nitrate-negative Campylobacter strains (51) . Several of these recently described Campylobacter taxa have characteristics that do not correspond to the characteristics given in the description of the genus Campylobacter in Bergey 's Manual of Systematic Bacteriology (48) . Therefore, below we propose an emended description of the genus Campylobacter.
Emended description of the genus Campylobacter Sebald and Veron 1963. Slender, spirally curved, gram-negative rods that are 0.2 to 0.5 pm wide and 0.5 to 5 pm long. The rods may have one or more spirals and can be as long as 8 pm. They also appear to be S shaped and gull winged when two cells form short chains. Nonsporeforming. Cells in old cultures may form spherical or coccoid bodies. Motile (with a characteristic corkscrewlike, darting motion) by means of a single polar unsheathed flagellum at one or both ends of the cell. Microaerophilic to anaerobic with a respiratory type of metabolism. Growth at 37°C; no growth at 15°C. An 0, concentration of 3 to 15% is required for the preferentially microaerophilic species, while most strains (Campylobacter curvus and Campylobacter rectus) which prefer to grow under anaerobic conditions can also grow in the presence of 1 to 5% 0,. Hydrogen is required or stimulates growth under both microaerophilic and anaerobic conditions. Occasionally a few strains may grow slightly under aerobic conditions (20% 0,). Chemoorganotrophs. Carbohydrates are neither oxidized nor fermented. Does not require serum or blood for growth. Energy is obtained from amino acids or tricarboxylic acid cycle intermediates and not from carbohydrates. Urea (except for a group of atypical Campylobacter lari strains [4]) and gelatin are not hydrolyzed. Oxidase activity, but no lipase activity. No pigment production, except for Campylobacter mucosalis and Campylobacter hyointestinalis, which produce a dirty yellow pigment. Menaquinone 6 and methyl-substituted menaquinone 6 are the major respiratory quinones ; tetradecanoic acid, hexadecanoic acid, hexadecenoic acid, and octadecenoic acid are the major fatty acids. The G + C content of the DNA ranges from 30 to 46 mol%.
Several species are pathogenic for humans and animals. Found in the reproductive organs, intestinal tracts, and oral cavities of humans and animals. (55) .
Description of Campylobacter rectus comb. nov. Campy Lobacter rectus (basonym, Wolinella recta Tanner, Badger, Lai, Listgarten, Visconti, and Socransky 1981) (rect'us. L. adj. rectus, straight). The description is the same as that given previously for [ Wolinella] recta (54, 56) .
Taxonomic position of generically misnamed Bacteroides species. The taxonomic position of [Bacteroides] gracilis and [Bacteroides] ureolyticus remains uncertain. These organisms share a number of phenotypic characteristics with and have DNA base ratios in the range proposed for the emended genus Campylobacter (Table 2) (24, 39, 54 19-21, 28, 32, 35-37, 48 , and 56 and from our study. f , Reaction is positive for 90% of the strains; -, reaction is negative for 90% of the strains; V, variable reactions for different species; W. weak reaction; MK-6, menaquinone 6; *MK-6, methyl-substituted menaquinone 6; Un-Mk-6, substituted menaquinone with unknown structure; ND, not determined.
Data for A . cryaerophilus only.
' Emended genus Campylobacter.
All members of the genus except C . jejuni subsp. doylei. All members of the genus except the urease-positive thermophilic variants of C . luri (3, 4 acid compositions of the authentic campylobacters; [Bacteroides] ureolyticus has a considerably different fatty acid composition, with hexadecenoic acid, 3-hydroxydecanoic acid, octadecanoic acid, and octadecenoic acid as the major fatty acids (data are from the database of the Microbial Identification System, as described by Miller [33] ). Our DNA-rRNA hybridization results confirm that these organisms are closely related to the campylobacters (39), but additional data are required before definite conclusions can be drawn. rRNA cluster 11. rRNA cluster I1 is a rather homogeneous and clearly separated rRNA cluster (Fig. 1) . We propose that the organisms in this cluster should be included in a new genus, Arcobacter, with two species, Arcobacter nitrojigilis and Arcobacter cryaerophilus. These two species and CLO strains CCUG 10373, CCUG 10374, and CCUG 10375 have similar G+C values (28 to 30 mol%) ( Table 2 ) and share a considerable number of phenotypic characteristics (see below). The genus Arcobacter can be differentiated on the basis of phenotypic characteristics from the other genera of rRNA superfamily VI (Table 6) (Fig.  2) . The fact that two species of one genus have such diverse habitats (Arcobacter cryaerophilus occurs in animal and human hosts [37] , whereas Arcobacter nitrojigilis is a nitrogen-fixing, plant-associated bacterium [32] ) is not unique in bacterial taxonomy. Similar situations occur in several other genotypically coherent genera (e.g., in the genera Xanthornanas [52] and Cornarnonas [53] ). Strain CCUG 10373 has a separate position on the Tm(e) dendrogram (Fig. 1) and exhibited no significant DNA binding with the other organisms belonging to the genus Arcobacter (Fig. 2 ) . Strain CCUG 10373 is immunologically (Table 4 ) and phenotypically (Table 5 ) different from Arcobacter nitrojigilis, Arcobacter cryuerophilus and CLO strains CCUG 10374 and CCUG 10375. Additional strains should be isolated and studied before an appropriate species description can be proposed. We believe that CLO strain CCUG 10373 is an Arcobacter strain. CLO strains CCUG 10374 and CCUG 10375 are closely related to each other (96% DNA binding) (Fig. 2) . Although their average ?'m(e) values versus two reference rRNAs from members of rRNA cluster I1 were approximately 1.5"C lower than those of Arcobacter cryaerophilus strains (Table 2 and Fig. l) , these two strains seem to be more closely related to Arcobacter cryaerophilus than to Arcobacter nitrofigilis or CLO strain CCUG 10373. They had an average DNA binding value versus DNAs from Arcobacter cyaerophilus strains of 36% (Fig. 2) and are phenotypically (Tables 4 and 6 ) similar to this species. For the time being, we believe that these two strains belong to the genus Arcobacter. (Helicobacter, Wolinella, "Flexispira," and misnamed Campylobacter species) and strain CLO-3 of Fennell et al. (16) . Wolinella succinogenes has a separate position on the TmCe) dendrogram (Fig. 1) . The other taxa belonging to this rRNA branch have AT,,,, values of 6 to 10°C versus Wolinella succinogenes rRNA (Table 2) . Furthermore, isoprenoid quinone composition (36) and several other characteristics (20) separate Wolinella succinogenes from the other taxa of this rRNA homology group. Strain CLO-3 is the only organism with a DNA base ratio similar to that of Wolinella succinogenes (Table 2) ; however, this is not necessarily an indication of a close relationship (9). Goodwin et al. (20) [Campylobacter] cinaedi, and [Campylobacter] fennelliae are related to each other, at least at a level similar to the level between Campylobacter fetus and Campylobacter jejuni in rRNA cluster I (Fig. 1) . Furthermore, all four species have G + C values between 35 and 41 mol% (Table 2) (20) and have many phenotypic characteristics in common (16, 20, 23, 59) . Immunotyping (Table 4 ) and partial 16s rRNA sequence analysis (58) (20, 23) . Microaerophilic with a respiratory type of metabolism. Chemoorganotrophs. Carbohydrates are neither oxidized nor fermented. Energy is obtained from amino acids or tricarboxylic acid cycle intermediates but not from carbohydrates. Optimal growth occurs at 37°C in a humid atmosphere; no growth occurs at 25°C. Hydrogen is required or stimulates growth. No growth occurs in the presence of 3.5% NaCl. Growth occurs in the presence of 0.5% glycine and 0.04% triphenyltetrazolium chloride. Catalase and oxidase activities are present. No pigment production. No H,S production in triple sugar iron agar. No hydrolysis of hippurate. Susceptible to ampicillin, gentamicin, rifampin, and tetracycline; resistant to trimethoprim. Variable resistance to nalidixic acid and cephalothin (18, 20) . The G+C content of the DNA ranges from 35 to 44 mol%.
Isolated from gastric mucosa of humans and animals, from blood and feces of homosexual males, and from intestines of hamsters. Some organisms in this genus may be associated with gastritis and peptic ulcers in humans.
The type species is Helicobacter pylori. Description of new Helicobacter species. The descriptions of Helicobacter cinaedi comb. nov. (basonym, Campylobacter cinaedi Totten, Fennell, Tenover, Wezenberg, Perine, Stamm, and Holmes 1985) and Helicobacter fennelliae comb. nov. (basonym, Campylobacter fennelliae Totten, Fennell, Tenover, Wezenberg, Perine, Stamm, and Holmes 1985) are the descriptions given by Totten et al. (59) Taxonomic position of ' 'Flexispira rappini" and strain CLO-3. "Flexispira rappini" and strain CLO-3 also belong to rRNA cluster I11 (Fig. 1) . No significant precipitation values were found in the immunotyping analysis versus antisera of other taxa belonging to rRNA cluster I11 (Table 4) . "Flexispira rappini" has sheathed flagella and a DNA base composition similar to the base compositions of Helicobacter strains (33 to 35 mol%) (Table 2 ). However, its unusual ultrastructure (spiral grooves) and several other phenotypic traits clearly distinguish this organism from the other taxa belonging to rRNA cluster 111 (20) . Strain CLO-3 has a DNA base ratio similar to that of Wolinella succinogenes (Table  2) , but a ATm(e) of 9°C versus the latter organism ( Fig. 1 and Table 2 ). Strain CLO-3 is also phenotypically different from the other organisms of rRNA cluster I11 (20, 59) . The relationships of strain CLO-3 and "Flexispira rappini" to the other taxa of rRNA cluster I11 remain to be investigated.
Free-living Campylobacter-like strains. The saprophytic campylobacters of Laanbroek et al. (27) and Wolfe and Pfennig (65) do not belong to one of the three major rRNA homology groups and thus cannot be included within one of the five genera described above ( Table 2 and Fig. 1) . The DNA base ratios of [Spirillurn] sp. strain 5175 and Laanbroek strain CCUG 13942 are 38.4 and 41.6 mol%, respectively (27, 65) . Both organisms are sulfur-reducing bacteria with a similar type of metabolism and are believed to belong to a group of saprophytic Campylobacter-like organisms which are isolated frequently from sediment samples of dirty freshwater or brackish water (41). Like all other members of rRNA superfamily VI, [Spirillurn] sp. strain 5175 has menaquinone 6 as one of its major respiratory quinones (7). As strain 5175 and strain CCUG 13942 are genotypically and phenotypically similar (41) and have similar taxonomic positions within rRNA superfamily VI (Fig. l) , it does not seem unlikely that they belong to a single, separate genus within rRNA superfamily VI.
